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In this papier, a low-cost solar photovoltaic water pumping system based on 
an induetion motor without the use of chemical energy storage is presented. 
In literature, we can find several Maximum Power Point Traeking 
Algorithms, the choice of the algorithm is aecording to the nature of 
application. In this article. Variable Step Size Incremental 
Conductance MPPT method has been developed since it is fast and has less 
oscillations. The studied photovoltaic pumping system contains a centrifugal 
pump which is driven by a three-phase asynchronous motor. To control the 
water flow, the field-oriented eontrol has been implemented. The control 
system is applied on two cities with different climatie eonditions to evaluate 
their performance. The photovoltaic pumping system is developed using the 
MATLAB/Simulink software to discuss the results obtained. Consequently, 
the proposed MPPT based on the ineremental conduetanee variable step 
shows good performances in terms of efficiency and tracking speed. 
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1. INTRODUCTION 

Solar photovoltaic is a form of renewable energy that is used to generate electricity when solar 
irradiation is projected into the photovoltaic panel or modules. Currently, this form of solar energy is widely 
used as an alternative to replace fossil energy sources. Photovoltaic solar energy is considered inexhaustible, 
less polluting, has a low cost of operation. The applications of solar cells include telecommunications, water 
pumping, street lighting, military space, domestic power supplies [1]. 

In recent years, the application of photovoltaic energy in off-grid areas has increasingly become 
widespread, particularly, in the water pumping systems. In a continuing effort to increase efficiency, reduce 
cost and improve the reliability performance of the photovoltaic water pumping system, various 
configurations have been proposed [2-5]. Photovoltaic water pumping systems based on alternating-current 
motors, particularly induction motors, are often preferred because they are more reliable, more economical 
and do not require permanent maintenance [6]. Two typical configurations of a photovoltaic water pumping 
system use the induction motor [7]. The first configuration contains two converter, the first is a DC-DC 
converter, it is used to amplify the voltage delivered by the PV panel and maximize power; the second is 
DC-AC converter, its role is to provide a voltage with variable frequency as shown in Figure 1. The second 
configuration, the DC-DC converter is not necessary and PV panels used must be connected in series. 

A few years ago, researchers began to develop strategies for extracting the maximum power as 
possible from renewable energy sources, especially PV panels. A large number of MPPT algorithms are 
available in the literature. Each method has its own specification, limitation and application. Maximum 
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power point tracking can be achieved using conventional methods or intelligent algorithms [8-10]. Among 
the most algorithms widely used is the incremental conductance (IC) method, which is less expensive and 
easier to implement for maximum power point tracking (MPPT) [11]. However, the disadvantage of this 
method is the use of a fixed step tracking, when this step is large, the tracking speed becomes faster but it 
contributes to steady-state oscillations, so when it is small, the oscillations are reduced but the tracking speed 
becomes slower [12]. To overcome this problem, the variable step size incremental conductance algorithm is 
used. Several commands of the asynchronous machine are found in the literature, the most effective control 
methods used for photovoltaic water pumping systems are field oriented control (EOC) [13, 14] and direct 
torque control (DTC) [15, 16]. 



Eigure 1. Description of the photovoltaic pumping system 


Serval authors used different control strategies to increase the overall efficiency of the PV system 
[17, 18]. However, the use of a combining control between variable step size IC MPPT and EOC has been 
never discussed. This method consists to vary the step tracking [19], where the value of step is automatically 
adjusted according to the distance between the operating point and the PPM. The step size increases when the 
PPM is away from the current point and decreases when it approaches the PPM. 
This method offers a fast-tracking technique with a very low oscillation. Eield oriented Conctrol is used to 
control the pumped flow. This technique is adequate because it provides decoupling between torque and flux 
with typical robustness [20]. This paper is organized as follows: The system components are modeled in 
section 2. The variable step size IC is presented in section 3, In section 4, Eield oriented control used for 
controlling the asynchronous machine is detailed. Section 5 illustrates the results and discussion. 


2. SYSTEM MODELING 
2.1. Modeling of PV cell 

Numerous mathematical models describe the behavior and operation of the photovoltaic 
cell [21, 22]. In this work, the single diode model is used, it consists of a current source modeling the 
luminous flux, the losses are modeled by the shunt and series resistors [23]. Eigure 2 shows equivalent circuit 
of a photovoltaic cell. 
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From the equivalent circuit above, the output current can be calculated as follows: 




q(v + ^,i) , 

exp-^— 1 

aKTN. 


(V + /^s) 

R.. 


( 1 ) 


Where is the photocurrent of a cell, IqIS the reverse saturation current of the diode, q, a, K, and T are the 
electron charge, the ideality factor of the diode, the Boltzmann’s constant, the junction temperature, 
respectively. V is the output voltage of PV cell, I is the output current of PV cell, and R^h are the series 
resistors and shunt resistors of the cell 


2.2. Induction motor 

The asynchronous machine is modeled by the following equations. The electrical equations of the 


induction motor are given by: 

^ds ~ Rs ^ds “f 4^ds ~ 0qs (^) 

Vqs ~ Rs ^qs "f ~ 4^qs ~ 4^ds (^) 

^dr ~ Rr ^dr "f ^ 4^dr ~ (y^s ~ 4^qr ~ ^ (4) 

Vqr ~ Rr ^qr "f ^ 4^qr ~ ~ 4^dr ~ ^ (^) 

The electromagnetic torque 

^em ~ V~i~ (.4^dr^qs ~ 4^qr^ds^ (^) 

Lqr 


( ^ds^ ^qs)^ (^ds^ (0ds’ 0c?s) are Stator currents, stator voltages and stator flux linkages of induction motor 

in d, q coordinate system. (7^^, Z^^), (0^^, (pqr) are rotor currents, rotor voltages and rotor flux 

linkages of induction motor in d, q coordinate system. 


2.3. Centrifugal pump 

The centrifugal pumps verify the similarity laws (7), from a characteristic curve (P, H, Q) 
established for a rotation speed N of the impeller pump, the characteristic (P ', H', Q ') can be obtained for 
any rotation speed N'. 


Q’ = 



H’=Hx 



P’=Px 



(7) 


3. VARIABLE STEP SIZE INCREMENTAL CONDUCTANCE 

Good performance is obtained using conventional MPPT methods based on fixed step, but they are 
slow and present oscillations around the PPM and the results are not satisfactory during sudden change of 
climatic conditions. A fast follow-up can be realized by increasing step, but we have oscillations in steady 
state. Many contributions have been introduced using a variable step, where the algorithm automatically 
changes the step size. In this paper we used the variable step size incremental conductance algorithm which is 
characterized by its simplicity, a faster response and low oscillations as shown in Figure 3. 
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Figure 3. Variable step size incremental conductance 


4. FIELD ORIENTED CONTROL 

Field oriented control (FOC) consists of two control techniques, the first command is direct FOC 
(DFOC) which was proposed by Blaschke in 1972, the second is indirect FOC (IFOC) [24], which was 
proposed by Hasse in 1968. This command has been used in several control studies of the induction machine 
[25]. It aims to obtain decoupling between the couple and the flow. In this work, rotor flux-oriented vector 
control is used. Therefore, the equations of the IFOC command become: 
a. For the rotor: 


(pr — (pdY 


^em ~ V T 4^r ^ 


qs 


_ 

^ ~ l+TrS 


W-r =W.—W = 


Tr (jyr 


b. For the stator: 


Ks = ^ + Rsids - iqs+ 


Lm d.(pr 


dt 


' Lr dt 


di. 


Vqs "f ^s^qs ^ ^ds "f j 0r 


( 8 ) 

(9) 

( 10 ) 
( 11 ) 


( 12 ) 

(13) 


Where 


T = 


W 

Rr 


, cr = 



LyL^ 


5. RESULTS AND DISCUSSION 

To test the system operation under different meteorological conditions and analyze the response of 
the variable step size IC algorithm, solar radiation is varied from 500 W/m^ to 900 W/m^ during 3s, then it 
stabilizes at 500 W/m^ keeping the temperature at 25° C. Figure 4 shows photovoltaic power converges 
rapidly in 0.01s and present less oscillation in steady-state. 
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The control of the asynchronous machine was done by rotor flux-oriented vector control. 
Figure 5 shows the highest and lowest profile of daily solar radiation in Fez and Marrakech cities given by 
the COMPASS LORENTZ software. A simulation was made for different profiles of solar radiation in order 
to analyze the response of the algorithm used, the maximum power is obtained as shown in Figure 6. 

For the maximum value of the irradiance of the two cities, the desired flow rate is obtained for a 
periode of 6 hours, while the lowest daily solar radiation of Marrakech, the desired water flow rate is 
obtained during 4 hours while for Fez city, it is obtained only for 3 hours as shown in 
Figure 7. Figure 8 approuves that the proposed appraoch is more effective for Marrakech. Parameters of 
induction machine as shown in Table 1. Characteristics of CSUN235-60P PV panel at STC as shown in 
Table 2. To obtain a water flow at 20m^ with a total head of 10 m and due to the characteristics of the 
induction motor as shown in Table 2, we must use 8 PV connected in series. 



Time (s) 


Figure 4. Photovoltaic power 




Figure 5. Profile of daily solar radiance Figure 6. Photovoltaic power 
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HOURS 



Eigure 7. Water flow 


Eigure 8. Maximum hour of operation for 
each city 


Table 1. Parameters of induction machine 


parameter 

value 

Nominal power 

1.5 kw 

Nominal current 

3A 

Nominal voltage 

220/380 V 

Frequency 

50 Hz 

Pair poles 

2 

Nominal speed 

1500 tr/min 


Table 2. Characteristics of CSUN235-60P PV panel at STC 


parameter 

value 

Maximum Power, Pmax 

235 W 

Open Circuit Voltage, Voc 

36.8 V 

Short Circuit Current, Isc 

8.59 A 

Maximum Power Voltage Pmax ,Vmpp 

29.5 V 

Maximum Power Current Pmax , Impp 

7.97 A 

Standard Test Condition 

1000W/m2,25° C,AM 1.5 

Number of cell 

60 

Temperature coefficient of open-circuit voltage Voc, Kv 

-0.37%/°C 

Temperature coefficient of short-circuit current Isc, Ki 

0.07%/°C 


6. CONCLUSION 

An optimal process of a photovoltaic pumping system based on an induction machine is presented. 
The aim is to ensure maximum motor efficiency after extracting maximum photovoltaic power using the 
variable step size IC method. Eield-oriented vector control is used to control water flow. Simulations studies 
under an entire fluctuation of climatic conditions of two cities (Eez, Marrakech) and sudden change in solar 
radiation have been carried out to verify the system performances. The simulation results show that, the 
system is more efficient by applying it in Marrakech in terms of daily pumped quantity and extracted power. 
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